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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a gas turbine engine airfoil wherein the airfoil includes a preformed cast cover
member metalurgically bonded to an inner structural spar member.
[0002] A gas turbine engine is typical of the type of turbo machinery in which the invention described herein may be
advantageously employed. It is well known that a conventional gas turbine engine comprises a compressor for com-
pressing air to an appropriate pressure necessary to support the combustion of a fuel in a combustion chamber. The
high temperature exhaust gas exiting the combustion chamber provides the working fluid for a turbine, which powers
the compressor. A power turbine driven by the flow of high temperature gas is utilized to turn a propeller, fan or other
propulsion device. Further, the high temperature gas may be used directly as a thrust for providing motive power, such
as in a turbine jet engine.
[0003] It is well known that the performance of gas turbine engines increases with the increase in the operating
temperature of the high temperature gas flowing from the combustion chamber. A factor recognized by gas turbine
engine designers as limiting the allowable temperature of the gaseous working fluid flowing from the combustion chamber
is the capability of the various engine components to not degrade when exposed to the high temperature gas flow.
Further, gas turbine engine designers are fully cognizant that the engine’s airfoils are among the components exposed
to the maximum thermal and kinetic loading during engine operation.
[0004] A variety of techniques have been integrated into the gas turbine engine blades and vanes to minimize their
degradation as they are exposed to the high temperature gases. Film cooling, a standard technique generally integrated
into blade and vane design, refers to a technique of cooling an external surface of the component by injecting a relatively
cool media, such as air along the component’s external surface. The cooling media functions as an insulating layer to
reduce the unwanted heating of the external surface of the component by the flow of high temperature gas.
[0005] A second conventional technique often incorporated into the component design is an internal network of aper-
tures and passageways within the component. A steady flow of pressurized cooling media is passed through the internal
passageways of the component, and the cooling media is finally exhausted through the apertures onto the exterior
surface of the component. The passage of the cooling media through the internal passageways and out through the exit
apertures provides for convective heat transfer from the component walls to the cooling media.
[0006] Many prior gas turbine engine airfoils, such as vanes and blades, have been produced by production techniques
using labor intensive complicated casting methods or laminating procedures. The typical lamination process utilized to
produce an airfoil involves the high temperature diffusion or braze bonding of multiple layers of wrought material together
to form the airfoil. Casting a sophisticated airfoil has required a generally elaborate procedure often with a relatively low
yield that tended to be very labor intensive.

SUMMARY OF THE INVENTION

[0007] US 4 864 706 discloses a gas turbine airfoil according to the preamble of claim 1.
[0008] Although the prior techniques have produced airfoil components with internal passageways, exit apertures and
film cooling, the need remains for an improved gas turbine engine airfoil with a cover sheet metalurgically bonded to a
spar. This need is satisfied by a gas turbine engine airfail according to claim 1. Preferred embodiments of the invention
are defined in the dependent claims.
[0009] Related objects and advantages of the present invention will be apparent from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

FIG. 1 is a partially fragmented perspective view of a gas turbine engine of the present invention.
FIG. 2 is a perspective view of an airfoil of FIG. 1.
FIG. 3 is an exploded view of an airfoil of the present invention comprising a cover member and a spar member.
FIG. 3a is an assembled view of the airfoil of FIG. 3.
FIG. 3b is an exploded view of an alternative embodiment of an airfoil of the present invention comprising a cover
member and a spar member.
FIG. 3c is an illustrative view of a locating feature comprising a portion of one embodiment of the airfoil of the present
invention.
FIG. 4 is an illustrative view of an apparatus not part of the invention for producing the airfoil having a cover member
bonded to a spar member which comprises a portion of FIG. 1.
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FIG. 5 is a perspective view of a bonding tool comprising a portion of the FIG. 4 apparatus.
FIG. 6 is a partially fragmented view of the bonding tool of FIG. 5 with the top positioning member removed.
FIG. 7 is an enlarged sectional view of the load transfer assembly comprising a portion of the FIG. 5 bonding tool.
FIG. 8 is an illustrative fragmented view of a spar locating member for positioning the spar member within the
mechanical housing of the bonding tool of FIG. 5.
FIG. 9 is an illustrative view of an alternative embodiment of the apparatus for producing an airfoil comprising a
portion of the FIG. 1 gas turbine engine.
FIG. 10 is an illustrative sectional view of the bonding tool of FIG. 9 positioned around the cover member and spar
member.
FIG. 11 is a side elevational view of an airfoil cover member not part of the present invention.
FIG. 12 is a schematic representation of one embodiment of a pedestal configuration for an airfoil.
FIG. 13 is an illustrative view of an apparatus for forming the airfoil cover member pattern of FIG. 11 into a shape
corresponding to the surface of the airfoil span.
FIG. 14 is an illustrative view of the FIG. 13 apparatus with the upper forming member removed.
FIG. 15 is an illustrative view of the FIG. 13 apparatus with the lower forming member removed and the pattern of
FIG. 11 coated with a flowable mold forming material.
FIG. 16 is an illustrative view of a wax die for forming a cast spar.
FIGS. 17a-d illustrate steps involved in producing the FIG. 16 wax die.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0011] For the purposes of promoting an understanding of the principles of the invention, reference will now be made
to the embodiment illustrated in the drawings and specific language will be used to describe the same.
[0012] Referring to FIG. 1. there is illustrated a gas turbine engine 10 which includes a compressor 11, a combustor
12 and a power turbine 13. The three components have been integrated together to produce an aircraft flight propulsion
engine. The term aircraft is generic and includes helicopters, airplanes, missiles, unmanned space devices and other
substantially similar devices. It is important to realize that there are a multitude of ways in which the gas turbine engine
components can be linked together. Additional compressors and turbines could be added with intercoolers connecting
between the compressors and reheat combustion chambers could be added between the turbines. Further, the gas
turbine engine is equally suited to be used for an industrial application. Historically, there has been widespread application
of industrial gas turbine engines, such as pumping sets for gas and oil transmission lines, electricity generation and
naval propulsion.
[0013] A plurality of turbine blades 14 are coupled to a rotor disk that is affixed to a tubular shaft within the gas turbine
engine 10. A plurality of vanes 15 are conventionally joined together to collectively form a complete 360° nozzle. It is
understood herein that gas turbine engine blades and vanes are often referred to as airfoils, and hereinafter this application
will refer to blades and/or vanes as airfoils, unless specifically stated otherwise in the text.
[0014] In a preferred embodiment the gas turbine engine airfoils 14 and 15 are fabricated from multiple subcomponents,
and preferably the subcomponents are formed of a heat resistant super alloy composition. There are various types of
super alloy compositions, such as but not limited to nickel based or cobalt based compositions, and the manufacturers
of such compositions are generally known to those skilled in the art. Most super alloy compositions of interest are
complicated mixtures of nickel, chromium, aluminum and other select elements. The subcomponents may be of a wrought
or cast configuration and may have an equiaxed, directionally solidified, or a single crystal alloy structures. In a preferred
embodiment the gas turbine airfoils 14 and 15 are fabricated from components of a cast single crystal alloy structure.
[0015] With reference to FIG. 2, there is illustrated a perspective view of one embodiment of the gas turbine engine
airfoil 15. In one embodiment, airfoil 15 includes a first end wall member 16, and an opposite other second end wall
member 17. The airfoil 15 has a leading edge 18 and a trailing edge 19 and an outer surface 20 extending therebetween.
Hereinafter, the term spanwise will indicate on orientation between the first end wall 16 and the second end wall 17, and
the term streamwise will indicate an orientation between the leading edge 18 and the trailing edge 19. A concave pressure
side 21 and an opposite convex suction side (not illustrated) comprise portions of the outer surface 20. Arranged along
the outer surface 20 of the airfoil 15 are a plurality of cooling media exit apertures 22 that allow for the discharge of
cooling media across the outer surface. The illustration of cooling media apertures in FIG. 2, is merely illustrative and
is not intended to be limiting in any fashion. The location and quantity of cooling media exit apertures are generally driven
by the design parameters of a specific application. In another embodiment of the present invention the fabricated airfoil
does not have endwall members coupled thereto.
[0016] With reference to FIG. 3, there is illustrated an exploded sectional view of the fabricated airfoil 15 prior to the
metallurgical bonding of a plurality of preformed cover members 24 to a preformed structural spar member 23. The
preformed cover members preferably being shaped to substantially correspond to the outer surface of the spar member
23. In one embodiment the cover members 24 are cast to a near net shape. The fabricated airfoil in one embodiment
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has at least three cover members 24. Airfoils having a number of cover members in the range of one to ten are contem-
plated herein, more preferred is airfoils having the number of cover members in the range of one to two. In one embodiment
(FIG. 3a), the preformed cover members 24 are spaced streamwise one from one another so as to leave a slot between
adjacent members 24. This slot allowing the exit of cooling fluid therethrough onto the outer surface of the airfoil. Cover
members 24 having properties to withstand a hostile environment which subjects the airfoil to thermal loading and
oxidation.
[0017] In one embodiment each of the cover members 24 and the spar member 23 are of a cast configuration. However,
cover members and spar members of a wrought configuration are contemplated herein. Further, there are alternate
embodiments wherein one of the spar member and cover member is wrought, and the other of the spar member and
cover member is cast. Cover members having a thickness within a range of 0.015 inches (0.381 mm) to 0.025 inches
(0.635 mm) are preferred, and it is more preferred that the cover members 24 have a thickness of about 0.02 inches
(0.508 mm) While it is preferred that each of the cover members 24 and the spar member 23 are formed of similar
materials, there are alternate embodiments where the spar member and cover members are formed of different materials;
for example the spar member material may be selected for strength characteristics while the cover member material
may be selected for resistance to oxidation and has a lower coefficient of expansion than the spar member material.
Further, in one embodiment airfoil 15 has a plurality of cooling media passageways (not illustrated in FIG. 3) formed in
at least one of the spar and cover members such that upon the mating of the components a cooling media passageway
will form therebetween.
[0018] Spar member 23 has a precise outer airfoil contour for receiving the plurality of cover members 24 thereagainst.
The spar member 23 having substantial structure to withstand the operating loads for the airfoil and to withstand the
pressures necessary during the manufacturing process for bonding the components together. Anti-collapse members
25 are designed into the spar member 23 to assist thinner sections of the structure from collapsing during the bonding
process. In an alternate embodiment the spar member 23 does not include anti-collapse members 25.
[0019] The cover members 24 and the spar member 23 have a locating feature 500, which includes an aperture 501
and a pin 502, that is designed and constructed to locate the components for joining. Each of the cover members 24
preferably has only one pair of locating features 500, so as to initially locate the respective components while allowing
some movement of the cover members 24 during the bonding process. With reference to FIG. 3c, there is illustrated an
illustrative view of one embodiment of the locating feature 500. The pins 502 extending from the cover member 24 for
location in the spar member 23. The aperture 501 (hidden line) is formed in the spar member 23 for receiving one of the
pins 502, and a groove 601 is formed in the spar member 23 for receiving the other pin 502. The groove 601 being larger
than the corresponding pin 502 to allow for adjustment in tolerances.
[0020] Referring to FIG. 3b, there is illustrated an exploded view of another form of the fabricated airfoil 150 prior to
the joining of the preformed cover members 240 to the preformed structural spar member 23. The fabricated airfoil 150
is substantially identical to the fabricated airfoil 15 with the following exceptions. The fabricated airfoil 150 has two
preformed cover members 240 that are spaced apart at the suction side of the leading edge of the airfoil.
[0021] Referring to FIG. 4, there is illustrated a perspective view of an apparatus 26 not part of the invention for bonding
the plurality of cover members 24 to the spar member 23. A bonding tool 27 is positioned within a conventional vacuum
brazing furnace 28, which has sufficient capacity to raise the spar member 23 and the airfoil cover members 24 to
temperatures necessary to effectuate a metallurgical bond therebetween which includes, but is not limited to a high
temperature diffusion bond braze. In U.S. Patent No. 5,609,471, there is described a diffusion braze bond utilizing a
hyper-eutectic composition of nickel, chromium and boron. The term metallurgical bonding as used herein refers to the
joining of the surfaces of similar or dissimilar metals by applying heat and pressure for a time duration sufficient to cause
compiling of the atoms at the joint interface. Diffusion bond brazing is well known by people of ordinary skill in the art,
who will recognize that a joining at the atomic level occurs which includes a grain growth across the interface of the two
components being bonded. The metallurgical bonding of the cover members 24 to the spar member 23 requires the
heating to a uniformly high bonding temperature in the range of 2100 - 2220 degrees fahrenheit (1148°C to 1216°C)
and the application of a compressive load to the outer surface of the components being bonded. In a more preferred
form of the present invention, the bonding temperature is about 2150 degrees fahrenheit (1176°C). Further, the bonding
cycle time is in the range of about 1-5 hours. It is understood herein that other bonding temperatures and times are
contemplated, and will depend on many parameters associated with the airfoil design.
[0022] The apparatus of FIG. 4, only illustrates one bonding tool 27 disposed within the vacuum furnace 28, however
in an alternate embodiment there are a plurality of bonding tools 27 positioned within the vacuum furnace. Vacuum
source 29 having sufficient capacity to lower the pressure and actively evacuate the environment within and/or around
the bonding tool 27 during the bonding cycle. The pressure within the evacuating environment is preferably within a
range of 1 x 10-4 to 5 x 10-5 Torr and more preferably is about 5 x 10-5 Torr. However, other pressure ranges are
contemplated herein.
[0023] With reference to FIG. 5, there is illustrated a perspective view of the reusable bonding tool 27 removed from
the furnace 28. The bonding tool 27 includes a mechanical housing 31 having a lower positioning member (not illustrated),
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a sidewall 32 and a removable top positioning member 33 for receiving and fixturing the spar member 23 and the cover
member 24 during the joining operation. The spar member 23 is fixedly positioned by the top positioning member 33
and the lower positioning member (not illustrated) relative to the mechanical housing 31 during the joining process. The
mechanical housing 31 defines a reusable structure capable of withstanding repeated cycles in a high temperature
diffusion bond brazing or diffusion bonding operation, and is formed of a cast nickel based superalloy. It is preferred that
the coefficient of expansion of the mechanical housing 31 be substantially similar to the coefficient of expansion of the
spar member 23 and the cover member 24.
[0024] A plurality of clamping load transfer assemblies 34 are coupled to the mechanical housing 32. The structure
of the clamping load transfer assemblies 34 will be discussed below, along with their relationship with the spar member
23 and the cover members 24. A load transfer assembly outer main body member 36 is fixedly connected to the
mechanical housing 32, and the outer main body member 36 receives an adjustment means 35 therein. The plurality of
load transfer assemblies 34 are disposed along the entire outer surface of the cover members 24 in order to hold the
cover members 24 and spar member 23 in substantially form fitting engagement during the bonding process. In one
embodiment of the present invention there are 90 clamping load transfer assemblies 34 coupled to the mechanical
housing 32. In another form of the present invention there are clamping load transfer assemblies 34 in the range of about
25 - 50, and more preferably there are 45 clamping load transfer assemblies 34. It is understood herein that other
quantities of clamping load transfer assemblies are contemplated, however it is preferred that the quantity of clamping
load transfer assemblies be a multiple of 3 or 5.
[0025] The clamping load transfer assemblies 34 of the FIG. 5, bonding tool 27 are independently adjustable by varying
the adjustment means 35. Further, the adjustment of the clamping load transfer assemblies 34 is controlled by an
automatic process. The adjustment of the clamping load transfer assemblies 34 can be accomplished by: a torque
wrench; a pneumatic torque wrench; and/or a fixture containing a plurality of wrenches for engaging and adjusting the
individual adjustment means 35.
[0026] With reference to FIG. 6, there is illustrated a fragmented perspective view of the bonding tool 27 (top positioning
member 33 being removed for clarity) having the spar member 23 and cover members 24 positioned therein. The
interengaging assembly of the spar member 23 and the cover members 24 is fixedly positioned within the mechanical
housing 31 so as to be spaced from an inner surface 42 of the mechanical housing sidewalls 32. Each of the clamping
load transfer assemblies 34 include: the outer main body member 36 that is fixedly connected to the mechanical housing
31; a clamping load pad 37 disposed proximate the cover member 24; and, a load transfer member 38 coupled to the
clamping load pad 37 at a first end 39 and acted on by the adjustment means 35 at a second end 40. A non-reusable
compliant interface member 41 is positioned between the outer surface of the cover members 24 and the clamping load
pad 37. The compliant interface member 41 providing additional formability and an anti-diffusion layer. Examples of the
types of compliant interface material include ceramic felt, and mild steel. A more preferred form of the compliant interface
41 is a mild steel woven screen having a standard stop-off coating thereon.
[0027] The plurality of clamping load transfer assemblies 34 are spaced along the mechanical housing 31 so as to
orient the clamping pads 37 in substantially form fitting engagement with the non-reusable compliant interface member
41, and/or the cover member 24. The clamping load is preferably applied normal to the outer surface of the cover
members 24 through the centroid of the respective clamping load pads 37. To facilitate this form fitting engagement
between the components the clamping load pads 37 have a radius of curvature that corresponds to the nominal (i.e.
design) curvature of the outer surface of the cover member 24 that is positioned proximate the bearing location of the
head 37. Therefore, the clamping load pad 37 is brought into substantially form fitting relationship with the cover member
24. Further, the plurality of clamping load pads 37 are positioned so that the substantially entire outer surface of the
cover members 24 receives a bonding load from one of the respective clamping load transfer assemblies 34. The bonding
load is applied sequentially. The regions of higher curvature generally require, relative to the regions of lesser curvature,
a greater load applied to their surfaces to bring the cover member 24 into intimate contact with spar member 23. Therefore,
the clamping load transfer assemblies 34 are sequentially adjusted so as to apply a non-uniform bonding load to the
surface of the cover members 24. A member 700 passes through the clamping pads 37 so as to join them loosely into
an assembly for easier handling. The member 700 is a high strength molybdenum wire.
[0028] With reference to FIG. 7, there is illustrated a sectional view of one of the clamping load transfer assemblies
34. The clamping load transfer assembly 34 has a load transfer member 38 that is disposed within a central aperture
525 of the main body member 36. The surfaces of the central aperture 525 and the load transfer member 38 are in a
close sliding relationship so as to allow movement of the member 38 in an axial direction, thereby varying the bonding
load transmitted from the clamping load pads 37 to the cover members 24. A minimum gap must be maintained between
the member 38 and the wall 610 defining the central aperture to allow for the difference in thermal expansion and an
allowance for a stop-off coating. The preload of the clamping load pad 37 is accomplished through the adjustment means
35, and in a preferred embodiment the adjustment means 35 is a threaded member that is advanced by turning the head
35a. A non threaded portion of the head 35a extends into the central aperture for engaging the load transfer member 38.
[0029] The load transfer member 38 defines a cylindrical rod having a thermal coefficient of expansion greater than
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the thermal coefficient of expansion of the main body member 36. Upon the bonding tool 27 being placed in the furnace
28 and subjected to elevated temperatures the thermal conditions cause the load transfer member 38 to elongate relative
to main body member 36. The elongation of load transfer member 38 results in the first end 39 displacing the clamping
load pads 37 against the cover members 24. The opposite other end 39a of the load transfer member 38 remains in
contact with adjustment means 35 within the central aperture. The main body member 36 is formed of a material such
as, but not limited to, silicon nitride or TZM Moly, and the load transfer member 38 is formed of a nickel based directionally
solidified superalloy. While the degree of thermal elongation of the load transfer member 38 is designed to meet specific
manufacturing parameters, it is preferred that the elongation of the load transfer member 38 is in the range of about
0.005 inches (0.127mm) to 0.015 inches (0.381mm). In a more preferred embodiment the thermal elongation of the load
transfer member 38 is about 0.010 inches (0.254 mm).
[0030] Referring to FIG. 8, there is illustrated a fragmented illustrative view of the mechanical housing 31 having a
spar member locating fixture 43 positioned therein. The spar member locating fixture 43 having a plurality of engagement
means 650 for mating with the spar member 23. A similar spar member locating fixture is defined by the removable top
positioning member 33. The spar member locating fixture 43 and removable top positioning member 33 are designed
and fabricated to position, hold, and support the spar member 23 within the mechanical housing during the bonding
process. By holding the spar member 23 in place relative to the mechanical housing it is possible to transfer unbalanced
loading, resulting from the non-uniform loads applied from the clamping load transfer assemblies 34, to the mechanical
housing 31 through the spar member locating fixture 43 and the removable top positioning member 33. In a preferred
embodiment the spar member locating fixture 43 is defined by a cross key structure, however it is not intended to limit
the structure utilized to hold the spar member 23 within the mechanical housing 31.
[0031] With reference to FIGS. 9 and 10, there is illustrates a bonding tool 44 utilized in the bonding of a plurality of
cover members 24 to a spar member 23. The reusable bonding tool 44 being positionable within the furnace 28 in an
analogous fashion to that previously described for bonding tool 27. Bonding tool 44 is designed and constructed to be
utilized in a furnace as illustrated in FIG. 4, to effectuate a metallurgical bond between the cover members 24 and the
spar member 23.
[0032] The bonding tool 44 comprises a reusable clamshell type mechanical housing 45 having a plurality of load
applying members 46 positioned therein for applying the desired bonding load to the cover member(s) 24 and spar
member 23. In one form of the present invention, mechanical housing 45 defines a rigid die having a substantially long
manufacturing life. In a preferred form of the present invention the housing 45 is formed of a nickel based superalloy.
The combination of the plurality of cover members 24 and the spar member 23 are located within the mechanical housing
45. The spar member 23 being engaged by the mechanical housing 45 at the spar member’s tip 47 and at the spar
member’s hub 48. The engagement at the tip 47 and the hub 48 positions the spar member 23 in a fixed location during
the bonding operation, and any motion between the components during the bonding cycle results from the displacement
of the cover members 24 by the load applying members 46. Further, locating features 601 orient the cover members 24
with the spar member 23. The locating feature 601 is substantially similar to the locating feature 500 of the airfoil 15.
Locating feature 601 includes a pair of locating pins 603 that mate with the spar member 23. A first aperture 602 is
formed in the spar member for receiving one of the pins 603, and a groove 604 (not illustrated) is formed in the spar
member 23 for receiving the other pin 603. The groove 604 being larger than the corresponding pin 602 to allow for
adjustment in assembly tolerances.
[0033] The plurality of reusable load applying members 46 are defined in one embodiment of the present invention
by reusable deformable bladders that are pressurizable with a high pressure fluid. The pressurized fluid being delivered
from a pressurized fluid source 50 via a plurality of pressurized fluid passageways 49 to the load applying members 46.
In one embodiment, the fluid is an insert gas such as Argon, that is delivered at a pressure ranging between about
50-500 pounds per square inch gage (3.47bar to 34.47bar).
[0034] Each of the plurality of deformable bladders 46 having a first end 51 and an opposite second end 52. The first
end 51 will be referred to hereinafter as the leading edge end 51, and the second end 52 will be referred to hereinafter
as the trailing edge end 52. The deformable bladders 46 are designed and constructed to deform beginning at their
locating feature 601 (preferably located at their respective leading edge end 51) and continue, their individual deformation
sequentially to the trailing edge end 52 so as to avoid leaving gaps in the application of the bonding load to the cover
member 24. The incremental deforming of the bladders 46 in one embodiment is accomplished by varying the bladder
wall thickness over the spanwise direction. The bladders 46 being formed of cast or wrought material such as, but not
limited to, IN625, HASTALY X, HA230 or other materials having similar properties and designed to have a useful life of
about 500 bonding cycles.
[0035] At the temperatures utilized for bonding the cover members 24 to the spar member 23 the deformable bladders
46 have a substantially compliant phase that conforms in a substantially form fitting relationship to the cover member
24. In one form of the present invention the compliant phase is defined by a substantially elastic state. A pressurized
fluid is delivered to each of the load applying members 46 to transmit the bonding load necessary to metallurgically bond
the cover member 24 to the spar member 23. While the bonding tool 44 has been illustrated with six discrete load
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applying members 46 it is understood herein that the number and division of the load applying members can be varied
to meet the specific parameters of the design.
[0036] To facilitate the desired bonding of the cover member 24 to the spar member 23 the plurality of bladders 46
are pressurized sequentially from the leading edge 18 to the trailing edge 19 of the spar member. The sequential
pressurizing of the cover members 24 minimizes and/or prevents the trapping of an unbonded portion between the
leading edge 18 and the trailing edge 19. Further, as previously discussed the individual bladders 46 deform from their
respective locating features 601, preferably located at their individual leading edge end 51, to their individual trailing
edge end 52. The spar member 23 of FIG. 9, will be used by way of example to illustrate the relationship between the
relative curvature of the spar member 23 and the fluid pressure in the deformable bladders 46 proximate the specific
radius of curvature. Generally, the deformable bladders 46 that are disposed proximate the higher radius of curvature
are pressurized to a higher level than the deformable bladders 46 that are disposed proximate a smaller radius of
curvature. Further, in an alternate embodiment a compliant interface is positioned between the bladders 46 and the
cover members 24.
[0037] With reference to FIG. 11, there is illustrated a partial side elevational view of an airfoil cover member pattern
60. The pattern 60 is a disposable component for forming a void in the casting mold utilized to cast gas turbine engine
components. Cover member pattern 60 having a first surface 61 and an oppositely disposed second surface 62 with a
plurality of spaced recesses 63 formed therein. The spaced recesses 63 having a generally rectangular shape for
receiving a flowable core/mold forming material therein during a casting mold preparation step. The spaced recesses
63 having a size appropriate for defining a passageway within the final cast component. A plurality of pattern wall
members 65 are formed in the cover member pattern 60 and a spaced pair of them define the walls 66 of the recesses
63. Walls 66 may include a draft angle as deemed necessary for the removal of the pattern 60 from the pattern mold.
During the manufacturing/casting process the cover member pattern 60 will be shelled with a ceramic system and the
pattern 60 will be subsequently removed so that a plurality of pedestals can be cast into the space previously occupied
by the pattern wall members 65. The dimensional size and geometric features shown in FIG. 11, are not intended herein
to be limiting and it is understood that the pedestal size and spacing will be determined by the desired operational
parameters associated with the gas turbine engine.
[0038] With reference to FIG. 12, there is illustrated a diagrammatic representation of a cooling pedestal pattern. It is
understood herein that the shape, size and distribution of the cooling pedestals are a function of heat transfer parameters
and design specific parameters. The diagram is utilized herein merely to represent that pedestals having the following
dimensions are more particularly contemplated, and one embodiment of the channels and pedestals are set forth in
table 1. However, it is understood that other pedestal and channel sizes are contemplated herein.

[0039] The first surface 61 of pattern 60 has a plurality of spaced reliefs 64 formed therein for facilitating the flexation
of the cover member pattern 60 during the forming of the pattern into the desired shape. The reliefs 64 being located
opposite of the wall member 65 to facilitate the localized bending of the pattern in this region. In one embodiment the
reliefs 64 having a truncated V-shape that extends into the body of the pattern. More particularly, in one embodiment
the reliefs 64 extend about 2/3 of the thickness of the pattern 60. One function of the reliefs 64 is to facilitate the formation
of the pattern 60 over a forming structure while minimizing/eliminating the faceting, that often occurs in forming a pattern
without the back side relief provided by reliefs 64.
[0040] The plurality of spaced reliefs 64 formed in the pattern 60 create a litany of advantages, including, but not
limited to, the following: a reduction in the shrinkage of the wall member 65: defining a space for receiving excess
adhesive that is used to bond the pattern 60 to another member; providing a place during the burning out of the pattern
for the material being burned out to go; and improving formability. Selection of a material for the cover member pattern
60 is within the contemplation of persons of ordinary skill in the an and can depend upon its application. However, the
cover member pattern 60 is a non-reusable component that is removed from the casting mold prior to the pouring of
molten metal therein. Materials contemplated for the cover member pattern 60 include: Ethylene-vinyl acetate (EVA),

TABLE 1
PEDESTAL

Length Width Height

0.020-050"
(0.51 - 1.27mm)

0.020-.050"
(0.51 - 1.27mm)

0.012-.020"
(0.30 - 0.51mm)

CHANNEL
Length Width Height

N/A 0.012-.020"
(0.3.0 - 0.51mm)

0.012-.020"
(0.30 - 0.51mm)
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with or without wax: and polystyrene. However, it is understood that other materials having similar properties are con-
templated herein.
[0041] The material for forming the cover member pattern 60 is injected into a conventional flat die which has been
evacuated prior to the injection so that substantially no air or contaminants are trapped in the volume that ultimately
defines the pattern 60. Subsequent to the injection of the material into the flat die to form the cover member pattern 60,
the pattern 60 will be removed and formed into the desired shape, such as an airfoil.
[0042] Referring to FIG. 13-15, there is illustrated a cover member pattern forming apparatus 70. The cover member
pattern forming apparatus 70 is a tool utilized to form the cover member pattern 60 into a shape substantially similar to
the outer surface of the spar member 23. The pattern forming apparatus 70 forms the cover member pattern 60 and
functions to hold the pattern during a shelling process in order to form a mold into which the molten metal will be poured
to form the cast cover member 24. In one embodiment, the cover member pattern forming apparatus 70 comprising a
first reusable portion 71, a second reusable portion 72, and a third non-reusable portion 78.
[0043] The first reusable portion 71 and the third non-reusable portion 78 are aligned by a pair of alignment pins 73
that extend between the portions. The reusable portion 71 and the non-reusable portion 78 form a separable combination
that upon positioning together forms the pattern 60 to the desired configuration. Forming of the pattern 60 more particularly
includes shaping the outer surface of wall members 65 to match the precise spar member contour. The reusable portion
71 includes a precision forming mandrel 74 for receiving the pattern 60 along it’s outer surface 74. At least one pair of
locating members 75 are coupled to the mandrel 74 for positioning the pattern 60 in a predetermined position for shaping.
The locating members 75 being spaced on the mandrel 74 corresponding to the spanwise orientation of the airfoil. While
other quantities of locating members are contemplated herein, it is preferred that there are no more than two locating
members 75. The locating members 75 being designed and constructed to nest within one of the recesses 63 formed
on the second surface 62 of the pattern 60.
[0044] The mandrel 74 having a precision shape corresponding to the contour of the outer surface of the spar member
23. The non-reusable portion 78 having a surface 69 that corresponds to the precise contour of the the external shape
of the desired airfoil. In the preferred embodiment the non-reusable portion is formed of standard ceramic mold material
and defines a portion of the casting mold after the shelling process for the pattern 60 has been completed. The pattern
60 is located on the locating member 75 and then elastically and/or plastically formed over the mandrel 74. The non-
reusable portion 78 is brought into engagement with the first surface of the pattern 60 to effectuate a closed die forming
operation. The second reusable portion 72 is positioned around the non-reusable portion 78 to provide added strength
during the closed die forming operation. In an alternative the non-reusable portion 78 has sufficient strength to withstand
the closed die forming operation without the second reusable portion 72. The pattern 60 has now been formed to have
a first surface that is substantially similar to the desired airfoil shape and an opposite second surface 62 that is substantially
similar to the spar member’s contour.
[0045] The pattern 60 has an adhesive applied to its first surface 61 prior to the closed die forming, via the cover
member pattern forming apparatus 70, in order to bond the pattern 60 to the non-reusable portion 78. More particularly,
the adhesive is applied in a thin line on the first surface 61; and the adhesive is a hot glue, such as EVA that sets at the
softening temperature of the pattern 60 material. Further, the pattern 60 and adhesive are able to be cleanly burned out
of the ceramic mold.
[0046] The non-reusable portion 78 with the pattern 60 bonded thereto is removed from the reusable portion(s) 71
and/or 72 of the cover member pattern forming apparatus 70. A gating material 82 is applied along the ends 67 of the
pattern 60 to create a seal between the non-reusable portion 78 and the pattern 60. It is believed well known in the art
how to gate and seal a pattern. The non-reusable portion 78 and pattern 60 are dipped in a ceramic slurry to form a
shell 83 therearound to a thickness desirable for casting a metal component therein. The shelling material system is
one that can be removed by leaching and water blasting after the molten material has been solidified. Shelling systems
and methods of removing the pattern 60 are believed within the contemplation of a person of ordinary skill in the art.
[0047] With reference to FIGS. 3-8 a method for bonding the plurality of airfoil cover members 24 to the airfoil spar
member 23 will be discussed. The cover member 24 being bonded is preferably a precision cast component, however
the process is also applicable to wrought structures. The spar member 23 and plurality of cover members 24 are positioned
within the mechanical housing 31 such that they are fixtured by the spar member locating fixture 43 and removeable
top positioning member 33 in a spaced relationship from the sidewalls of the housing. With the spar member 23 and
cover members 24 disposed in form fitting engagement and having the compliant interface member 41 positioned
thereround, it is now appropriate to begin the joining process.
[0048] The bonding tool 27 has the plurality of clamping load transfer assemblies 34 adjusted to bring the load pads
37 thereof into substantially form fitting engagement with the outer surface of the cover members 24. Referring to FIG.
6, there is illustrated a portion of the torquing sequence for the clamping load transfer assemblies 34. The clamping load
transfer assemblies 34 are torqued sequentially from number 1001 to 1015. The bonding tool 27 with the spar member
23 and cover members 24 disposed therein is placed in the furnace 28 for elevation to a temperature appropriate for
metallurgical bonding. During the metallurgical bonding process the vacuum source 29 is activated to apply an active
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vacuum within the mechanical housing 31. During the heating process the load transfer members 38 elongate relative
to the main body members 36 so as to apply a compressive load through the centroids of the clamping load transfer
assembly heads 37 to the cover members 24. The heat and clamping load causes a metallurgical bonding between the
cover members 24 and the spar member 23. The bonding process is a diffusion braze bonding operation utilizing a
composition of nickel, chromium and boron. Diffusion braze bonding is well known to one of ordinary skill in the art. Upon
completion of the bonding cycle the compliant interface is removed from the cover member 24.
[0049] With reference to FIGS 9-10, there is illustrated an alternative method for bonding the plurality of cover members
24 to the spar member 23. The clamshell housing 45 of bonding tool 44 is positioned around the spar member 23 such
that it engages the spar member 23 at the tip 47 and hub 48, thereby putting the spar member in a fixed position during
the bonding process. The bonding tool 44 with the spar member 23 and plurality of cover members 24 is placed within
furnace 28 and elevated to a temperature sufficient for the diffusion braze bonding to occur between the plurality of
cover members 24 and the spar member 23. A plurality of deformable pressurizable bladders 46 are disposed within
the clamshell housing 45 adjacent the outer surface of the plurality of cover members 24 for applying the bonding load
thereto. At the temperature appropriate for metallurgical bonding the bladders become compliant and upon pressurization
deform from the locating feature 601, preferably located at the leading edge 18, to the trailing edge 19 of the spar
member. Each of the deformable bladders 46 collapses against the outer surface of the plurality of cover members 24
from it’s respective leading edge end 51 to it’s respective trailing edge end 52.
[0050] With reference to FIGS. 13-15, a brief overview of the utilization of the cover member forming apparatus 70
will be set forth. The cover member pattern 60 is formed over the mandrel 74. At least one of the recesses 63 within the
pattern 60 is positioned relative to the locating member 75 to align the pattern within the apparatus 70. The non-reusable
portion 78 is brought into engagement with the pattern 60 to shape the first surface 61 and the second surface 62 thereof.
An adhesive had been applied to pattern 60 so as to bond the pattern to surface 69 of the ceramic non-reuseable forming
portion 78. The upper non-reusable portion 78 with the pattern 60 bonded thereto is removed from the reusable portion
71 and the ends 67 of the pattern 60 are gated. Thereafter, the non-reusable portion 78 with the pattern 60 bonded
thereto is processed by dipping in a ceramic slurry so as to shell the pattern 60 and the non-reuseable portion 78. Upon
obtaining the appropriate thickness in the shelling operation the pattern 60 and adhesive is burned out of the ceramic
shell in preparation for the pouring of molten metal therein. After the molten metal has solidified in the mold cavity the
ceramic shell is removed by leaching and pressurized fluid blasting. Any oxidation present on the component is removed
by light grit blasting and etching.
[0051] With reference to FIG. 16, there is illustrated an apparatus 800 for forming a pedestal configuration in a spar
pattern 785. The preferred form of the apparatus 800 is defined by a reusable metal wax die 800 having substantially
sharp corners. The wax die 800 is then utilized to produce a spar pattern 785 having sharp corners, which result in a
cast spar with sharp corners which are desirable for the effective bonding of a cover member thereto. The wax die 800
includes, but is not intended to be limited herein to, a pressure side die portion 800a, a suction side die portion 800b,
and a plurality of leading edge die portions 800c. The die portions 800a - 800c interengaging to form the spar pattern
785. It is understood that other quantities of die portions are contemplated herein.
[0052] With the assistance of FIGS. 17a-d, there will be described the apparatus 800 and the method of manufacture.
The method for fabricating apparatus 800 is set forth in relation to the fabrication of the pressure side die portion 800a,
however, the fabrication of the other portions is substantially identical and will not be repeated herein. A piece of metal
is divided into two separate pieces 798 and 799 having two precisely mating surface 801 and 802 respectively. A pedestal
pattern 803 is machined into one of the precisely mating surfaces. The pedestal pattern 803 is formed via electrical
discharge machining (EDM), however other manufacturing techniques are contemplated herein. The machining forms
a pattern having a first end 810 with filets 804, and an opposite other end 811 free of filets in surface 803. Thereafter
the two precisely mating surfaces 801 and 802 are joined together. The bond is a metallurgical bond created in a diffusion
bonding process. However, other techniques for joining the pieces 798 and 799 together are contemplated herein
provided they have a mating sharp corner. One alternate technique for joining the pieces together is to use a high
temperature high strength epoxy. The bonded pieces 798 and 799 define a member 806 having a pattern 803 therein.
The joining of the opposite other end 811 to the mating surface 801 results in a substantially sharp corner. The corner
815 where the opposite other end 811 abuts the mating surface 801 is defined by the intersecting plane and surface.
[0053] A portion of the member 806 is removed including the first end 810 with filets 804 to expose the pattern 803.
The pattern 803 is then machined to provide the desired depth. The resulting wax die 800 has a pattern 803 formed
therein with sharp corners 815 adjacent the mating surface 801. The wax die 800 is formed such that an entire spar
member pattern can be produced from the die.

Claims

1. A gas turbine engine airfoil (15, 150) comprising:
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a spar member (23, 230) having an outer surface;
at least one preformed cast single crystal alloy cover member (24, 240) having an inner surface, wherein the
inner surface of the cover member (24, 240) has a shape substantially corresponding to at least a portion of
the outer surface of the spar member (23, 230) and at least a portion of the inner surface of the cover member
is metallurgically bonded to the outer surface of the spar member; characterized in that the gas turbine engine
airfoil further comprises
a locating feature (500, 601), the locating feature including an aperture (501, 602) defined in the outer surface
of the spar member (23, 230) and a pin (502, 603) extending from a corresponding location on the cover member
(24, 240), the pin for location in the aperture.

2. The airfoil (15, 150) of claim 1, wherein the spar member (23, 230) has at least one anti-collapse member (25).

3. The airfoil (15, 150) of any preceding claim, having at least three preformed cast single crystal alloy cover members
(24, 240).

4. The airfoil (15, 150) of any preceding claim, wherein each cover member (24, 240) is cast to a near net shape.

5. The airfoil (15, 150) of claim 1 or claim 2, wherein the cover members (24, 240) are spaced apart from one another
to leave a slot between adjacent cover members.

6. The airfoil (15, 150) of any one of claims 3 to 5, wherein the airfoil having a tip end (47) and a hub end (48) and a
leading (51) and a trailing edge (52), wherein each of the cover members (24, 240) extending between said tip end
and said hub end.

7. The airfoil (15, 150) of any of the preceding claims wherein the cover members (24, 240) having a thickness within
the range of 0.38 mm to 0.50.

Patentansprüche

1. Gasturbinentriebwerksflügel (15, 150), der Folgendes umfasst:

ein Holmelement (23, 230), das eine Außenfläche aufweist,
wenigstens ein vorgeformtes gegossenes Einkristalllegierung-Verkleidungselement (24, 240), das eine Innen-
fläche aufweist, wobei die Innenfläche des Verkleidungselements (24, 240) eine Form aufweist, die im Wesent-
lichen wenigstens einem Abschnitt der Außenfläche des Holmelements (23, 230) entspricht, und wenigstens
ein Abschnitt der Innenfläche des Verkleidungselements metallurgisch mit der Außenfläche des Holmelements
verbunden ist, dadurch gekennzeichnet, dass der Gasturbinentriebwerksflügel ferner Folgendes umfasst:

ein Positioniermerkmal (500, 601), wobei das Positioniermerkmal eine Öffnung (501, 602), die in der Au-
ßenfläche des Holmelements (23, 230) definiert ist, und einen Stift (502, 603), der sich von einer entspre-
chenden Position an dem Verkleidungselement (24, 240) erstreckt, einschließt, wobei der Stift zur Positi-
onierung in der Öffnung dient.

2. Flügel (15, 150) nach Anspruch 1, wobei das Holmelement (23, 230) wenigstens ein Knickschutzelement (25)
aufweist.

3. Flügel (15, 150) nach einem der vorhergehenden Ansprüche, der wenigstens drei vorgeformte gegossene Einkris-
talllegierung-Verkleidungselemente (24, 240) aufweist.

4. Flügel (15, 150) nach einem der vorhergehenden Ansprüche, wobei jedes Verkleidungselement (24, 240) zu einer
endkonturnahen Form gegossen ist.

5. Flügel (15, 150) nach Anspruch 1 oder Anspruch 2, wobei die Verkleidungselemente (24, 240) voneinander beab-
standet sind, um einen Schlitz zwischen benachbarten Verkleidungselementen zu lassen.

6. Flügel (15, 150) nach einem der Ansprüche 3 bis 5, wobei der Flügel ein Spitzenende (47) und ein Nabenende (48)
und eine vordere (51) und eine hintere Kante (52) einschließt, wobei sich jedes der Verkleidungselemente (24, 240)
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zwischen dem Spitzenende und dem Nabenende erstreckt.

7. Flügel (15, 150) nach einem der vorhergehenden Ansprüche, wobei die Verkleidungselemente (24, 240) eine Dicke
innerhalb des Bereichs von 0,38 mm bis 0,50 mm aufweisen.

Revendications

1. Aube de moteur à turbine à gaz (15, 150) comprenant :

un élément de longeron (23, 230) ayant une surface externe ;
au moins un élément de couverture en alliage monocristallin coulé préformé (24, 240) ayant une surface interne,
dans laquelle la surface interne de l’élément de couverture (24, 240) a une forme correspondant sensiblement
à au moins une partie de la surface externe de l’élément de longeron (23, 230) et au moins une partie de la
surface interne de l’élément de couverture est reliée par voie métallurgique à la surface externe de l’élément
de longeron ;
caractérisée en ce que l’aube de moteur à turbine à gaz comprend en outre :

une caractéristique de positionnement (500, 601), la caractéristique de positionnement comprenant une
ouverture (501, 602) définie dans la surface externe de l’élément de longeron (23, 230) et une broche (502,
603) s’étendant à partir d’un emplacement correspondant sur l’élément de couverture (24, 240), la broche
étant destinée à être positionnée dans l’ouverture.

2. Aube (15, 150) selon la revendication 1, dans laquelle l’élément de longeron (23, 230) a au moins un élément anti-
affaissement (25).

3. Aube (15, 150) selon l’une quelconque des revendications précédentes, ayant au moins trois éléments de couverture
en alliage monocristallin coulé préformé (24, 240).

4. Aube (15, 150) selon l’une quelconque des revendications précédentes, dans laquelle chaque élément de couverture
(24, 240) est coulé selon une forme presque nette.

5. Aube (15, 150) selon la revendication 1 ou la revendication 2, dans laquelle les éléments de couverture (24, 240)
sont espacés l’un de l’autre pour laisser une fente entre les éléments de couverture adjacents.

6. Aube (15, 150) selon l’une quelconque des revendications 3 à 5, dans laquelle l’aube a une extrémité de pointe
(47) et une extrémité de moyeu (48) et un bord d’attaque (51) et un bord de fuite (52), dans laquelle chacun des
éléments de couverture (24, 240) s’étend entre ladite extrémité de pointe et ladite extrémité de moyeu.

7. Aube (15, 150) selon l’une quelconque des revendications précédentes, dans laquelle les éléments de couverture
(24, 240) ont une épaisseur dans la plage de 0,38 mm à 0,50 mm.
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